This paper analyzes the impact of information and communication technologies (ICT) on economic growth in developing, emerging and developed countries. It is based on a sample of 59 countries for the period 1995 to 2010. Various panel data regressions confirm the positive relationship between ICT capital and GDP growth. The regressions for the subsamples of developing, emerging and developed countries do not reveal statistically significant differences of the output elasticity of ICT between these three country groups.
Introduction
Productivity growth lays the foundation for improvements in the standard of living. 1 Investments in information and communication technologies (ICT) are seen as a key driver of productivity growth.
This relationship has been extensively studied for developed countries at the firm, industry and country level with the majority of studies showing the productivity effect of ICT as positive and economically significant. 2 Recent literature reviews by Draca et al. (2007) , Van Reenen et al. (2010) , and Cardona et al. (2013) list a comprehensive set of studies applying different methodologies. To date there is rather weak and ambiguous empirical evidence on the contribution of ICT investments on economic growth for emerging and especially developing countries. Despite the rather ambiguous empirical evidence, the World Bank (2012) takes an optimistic view stating that "Information and communication technologies (ICTs) have great promise to reduce poverty, increase productivity, boost economic growth (. . . )". The weak and ambiguous empirical evidence of the impact of ICT in developing countries may largely be driven by the lack of high quality micro and macro level data sets on ICT for these countries.
A priori, there may be valid reasons why the impact of ICT on growth in developing and emerging countries is different than in developed countries. On the one hand, developing and emerging countries might be lacking absorptive capacities like an appropriate level of human capital or other complementarity factors such as R&D expenditures 3 and therefore gain less than developed countries from investments in ICT. On the other hand, ICT could enable developing and emerging countries to 'leapfrog' traditional methods of increasing productivity as mentioned by Steinmueller (2001) . The additional productivity gains could be triggered by "ICT-related spillovers or network effects" 4 as ICT may lower transaction costs and speed up the process of knowledge creation. 5 But these network effects may be more pronounced "when many firms in a region or industry are using similar levels or types of ICT". 6 This paper contributes to the literature in several ways. Section 2 reviews the current empirical literature on the impact of ICT on economic growth, focusing on differences in methodologies, data sources and sample periods. Section 3 describes the unique features of the data set used for the empirical work.
The Conference Board Total Economy Database (The Conference Board, 2014a), the main source, contains annual data for GDP, ICT and non-ICT capital services as well as labor services to control for changes in human capital. In contrast to previous studies, the empirical work is based on these capital and labor services which are a more appropriate measure than stock variables. The sample for the empirical analysis consists of 59 developing, emerging and developed countries for [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] and thus covers more countries and years than previous studies were able to. This rich, high quality data set allows clarification of the previous empirical results. Based on this data, Section 4 presents the results including a comparison of the estimated coefficients for the output elasticity of ICT for the pooled sample and the three country subgroups.
The results for the full sample of countries confirm the positive contribution of ICT to economic growth with an output elasticity of about 10 percent, exceeding the factor compensation share by a large amount. 7 The estimates with sub-samples for the three country groups only reveal small differences between developing, emerging and developed countries. Thus, the results indicate that developing and emerging countries are not gaining more from investments in ICT than developed economies, questioning the 'leapfrogging' through ICT argument.
Related Literature
The macro-level empirical work on the relationship between ICT and economic growth is based on growth accounting and econometric studies. Several growth accounting studies reveal economically significant contributions of ICT capital to economic growth after the mid 1990s in developed economies.
These studies by Oliner and Sichel (2000) , Jorgenson and Stiroh (2000) and Oliner and Sichel (2002) focused on the productivity effects of ICT in the US because "European statistics offices' published industry data on ICT assets lag behind the US". 8 The work by Inklaar et al. (2005) Dimelis and Papaioannou (2011) show that there is a significant effect of ICT capital on output growth for both the UK and the US. Dahl et al. (2011) confirm these findings for eight European countries using EU KLEMS data (O'Mahony and Timmer, 2009) .
Another strand of the literature focuses on just communication technology (CT). Roller and Waverman (2001) find a causal relationship between CT and GDP for 21 OECD countries. Czernich et al. (2011) support the finding by Roller and Waverman (2001) on the importance of communication technology.
Based on a panel of 20 OECD countries, they provide empirical evidence that increasing broadband penetration raises GDP growth rates. More comprehensive literature reviews with a focus on developed countries include Draca et al. (2007) , Van Reenen et al. (2010) , Biagi (2013) and Cardona et al. (2013) .
A priori, it is not clear whether the impact of ICT on economic growth in emerging and developing countries is larger than in developed countries. Steinmueller (2001, p. 194) points out that "ICTs have the potential to support the development strategy of leapfrogging, i.e. bypassing some of the processes of accumulation of human capabilities and fixed investment in order to narrow the gaps in 7 This difference is smaller in the IV regressions. productivity and output that separate industrialized and developing countries." Whether this strategy is successful crucially depends on the absorptive capacities ("the ability and effort of workers and managers to apply new technology" 9 ) of the emerging and developing countries (see e.g. Keller 1996 , Keller 2004 and Henry et al. 2009 ). The report by the United Nations (2011, pp. 71-78 ) list a variety of examples, why ICTs may have a strong(er) impact on economic performance in emerging and developing countries. First of all, investments in ICT may decrease the administrative burden of firms through the introduction of e-government applications. Furthermore, ICT can be used for training and advisory services. It also enhances access to relevant information. Mobile money services, as a tool to save travel time and to reduce transaction costs, are particularly important to micro-and small enterprises. None of these ICT services and applications are specific to emerging and developing countries. But in these countries, ICT often provides services that were previously not available in either the digital or the non-digital economy.
The empirical macro-level literature on ICT and growth in developing and emerging countries examines differing country groups and time periods which narrows the comparability and generalizability of the results. Dewan and Kraemer (2000) find a positive effect of the ICT capital stock on GDP growth in developed countries, whereas the ICT coefficient for developing countries is insignificant. The authors explain this finding by potentially missing 'IT-enhancing complementarity factors' like human capital. The estimation is performed with a panel of 36 countries (14 developing and 22 developed countries) for the years 1985 to 1993. As this period was just the start of the rapid diffusion of ICT in developed countries, it was probably to early to see any (economically) significant effects in developing countries. Pohjola (2002) , with data on 42 countries within the period 1985-1999, does not find any significant relationship between ICT and economic growth in either the full sample, or any of the country subgroups. These results are possibly driven by the fact that the ICT input variable is measured as the share of nominal ICT investment in GDP, which does not incorporate any quality improvements of ICT over time. Papaioannou and Dimelis (2007) show that the impact of the ICT capital stock on labor productivity growth is stronger in developed than in developing countries.
Their analysis is based on an Arellano and Bond (1991) panel data estimator applied to a sample of 22 developed and 20 developing countries for the period 1993 to 2001. Based on the same data but with a refined econometric approach and the inclusion of foreign direct investment (FDI) as an additional control variable, which is seen as an important channel for technology diffusion, 10 Dimelis and Papaioannou (2010) report that the impact of ICT is stronger in developing than in developed countries. The study by Yousefi (2011) uses World Bank data for the period 2000 to 2006 and finds an insignificant impact of ICT capital investment on output growth for developing countries. The paper by Dedrick et al. (2013) has the most recent and comprehensive data so far. Their data set consists of 45 upper-income developing and developed countries for the period 1994 to 2007. Their set of so-called 'upper-income developing countries' are comparable to the emerging countries in the present study. They provide econometric evidence for the contribution of ICT to growth for both developing and developed countries with slightly larger output elasticities of ICT stock in developed than in the upper-income developing countries. As mentioned before, the rather ambiguous empirical 9 Kneller (2005) . 10 See e.g. Keller (2004, p. 752 Apart from the econometric analyses, several growth accounting studies by Jorgenson and Vu (2005 focus on specific regional groups of countries like 'Developing Asia' and Latin America and therefore implicitly perform a comparison of the contribution of ICT to growth in developing, emerging and developed countries. The same applies to Vu (2011) , who uses data on penetration rates of personal computers, mobile phones and internet users in 107 developing, emerging and developed countries to investigate the impact of ICT on growth, but does not distinguish between these country groups.
Furthermore, a number of micro-level studies analyze the impact of ICT on productivity for certain developing and emerging countries. Aker and Mbiti (2010) discuss, based on the fact that mobile phone usage in Sub-Saharan Africa has grown significantly over the past decade, the economic impact of this rapid diffusion. Commander et al. (2011) find a positive relation between ICT capital and the productivity of firms in Brazil and India.
Data and Methodology
The primary data source for the analysis is the Conference Board Total Economy Database 12 (The Conference Board, 2014a). It was originally developed by the Groningen Growth and Development 
Categorization of Countries
As the primary goal of this empirical work is to compare the contribution of ICT to economic growth for developing, emerging and developed countries, it is necessary to do divide the total sample into three reasonable subsamples. The definition of the country groups is usually based on GDP/GNI per capita or more general indicators like the literacy rate of the countries. The threshold variable chosen in this empirical application is GDP per capita in 1995 expressed in purchasing power parity 11 In contrast to the one-time compilation of data sets used in previous studies, the present empirical work is based on an annually updated publicly available data set on ICT and economic growth. See Chapter 3 for details. South Africa as the emerging country with the smallest GDP per capita. The same is true for the split between emerging and developed countries. Portugal as the emerging country with the largest GDP per capita and Ireland as the developed country with the smallest GDP per capita differ in this value by more than 20 percent. A threshold test as described in Hansen (2000) confirms the threshold between developing and emerging countries. 15 The GDP per capita values of each country at the end of the sample period (2010) are reported in Table A .8 in the Appendix. 
Outlier Detection
There are multiple reasons for outlier problems within such a rich cross-country data set. One could be a break in the input data series by switching from one to another data source. This will clearly affect the growth rate of e.g. labor input. Another problem might be general measurement issues, especially in developing countries, due to a lack of resources for the national statistical offices. E.g. Klasen and Blades (2013) argue that "the measurement of economic and social performance has not kept pace with the apparent drastic improvements in that performance in recent years."
To account for breaks in data series and more general data errors, I use a five step approach. First, I drop countries with erroneous or implausible data during the whole period. This reduces number of countries with data on ICT input from 68 to 59 countries. 16 The next step is to drop the single observations of the remaining 59 countries with obvious data errors such as a zero ICT capital compensation share (12 observations). Visual inspection of year by year scatter plots between the GDP growth rate and the growth rates of factor input variables revealed 11 additional problematic observations. The fourth step is to calculate the so-called DFBETA 17 values. The idea behind this method is to calculate the impact of the ith observation on the regression coefficient and drop the observations with abnormal high impact (9 observations dropped). The methodology proposed by Hadi (1992 Hadi ( , 1994 ) is another commonly used approach to detect outliers in the empirical literature. 18 This fifth step detects another 12 observations as outliers. The complete list of the 44 dropped observations and the approach that identified the outlier is available in Table A .7.
Capital and Labor Input Variables
In contrast to previous studies, the empirical work is based on capital services instead of capital stocks. Capital services are a more appropriate measure than capital stocks. This is, e.g., emphasized rate of labor quantity differs between countries. In the more advanced economies, it is the growth rate of total hours worked. In contrast, the labor quantity for less developed countries is usually based on the employment growth rate. These two methodologies do not lead to any differences as long as the average hours worked per person do not change over time. 20
Nearly all developing and some of the emerging countries are lacking data for labor compensation. The ad hoc approach of the The Conference Board (2014a) is to assume a labor compensation share in total factor compensation of 0.5. This assumption is justified by the fact that in economies where capital is scarcer, the returns for capital should be higher and the returns for labor smaller. 21 As the labor compensation is not directly included in the regression, this does not influence the estimated output 16 The countries not in the sample are Algeria (implausible labor services growth rates), Greece (overall data quality issues), Hong Kong and Singapore (very specific export oriented type of economy), Israel, Romania and the Russia Federation (implausible non-ICT capital services growth rates), Taiwan (no data on export share) as well as Uruguay (implausible ICT capital services growth rates). 17 See e.g. Temple (2000) . 18 See e.g. Harbaugh et al. (2002) , Durham (2004) and Ardizzi et al. (forthcoming) . elasticities of ICT-and non-ICT capital. However, the potentially underestimated labor compensation share in developing countries might affect the comparison between the output elasticity of ICT and the growth accounting based ICT compensation share. ICT capital 24 ranges in all countries groups between 4 and 5 percent, with the highest value in the developed economies. 25 This is clearly an interesting result on its own. The within group variation in developing and emerging countries is much larger than in developed countries. The variation in time of the average ICT compensation share is displayed in Figure A .1 in the Appendix, showing for the emerging countries a slight upward trend and in contrast for the developed countries a minimal downward trend. 26
Descriptive Statistics

Econometric Model
As shown in the descriptive statistics, the factor compensation shares of ICT capital in total factor compensation are nearly identical in developing, emerging and developed countries, with values ranging from 0.04 to 0.05. Regression-based output elasticities are able to reveal whether there are excess return of investments in ICT capital and whether these returns are differing between the country subgroups. For the comparison of output elasticities between the three country groups, following e.g. Stiroh (2002) , an (augmented) Cobb-Douglas production function without imposing constant returns to scale is estimated as follows: If the 'leapfrogging' effect described by Steinmueller (2001) holds, the output elasticities of ICT in developing and emerging countries should be larger than those in developed countries. Another alternative would be the mean group (MG) estimator that allows for parameter heterogeneity between countries as described in Pesaran and Smith (1995) . With this type of estimator, country specific estimations are carried out and later averaged across these countries. Given the still rather short time 24 The country with the extraordinary low ICT capital compensation share is Iran in 1995. 25 The two period averages of ICT and non-ICT capital compensation shares shown in Table in Tables 3.2, Clustered standard errors in parentheses, * p<0.10, ** p<0.05, *** p<0.01 the additional variable is the share of exports in total GDP as an indicator for the openness to trade of a country. This indicator controls for differences in the production technology between countries.
With the export coefficients clearly positive and significant, openness to trade is correlated with higher GDP growth rates. The output elasticity of ICT capital services in this augmented production function setting is now larger than in Table 4 .1 for all specifications. The largest differences occur in the FE and IV specification with ICT coefficients of 0.10 and 0.066. One explanation for this result could be that the export share is capturing otherwise unmeasured cross-country heterogeneity. The same applies to the output elasticity of non-ICT capital. The coefficients in the fixed effects and Panel-IV specification with the augmented Cobb-Douglas production function are also clearly larger than in Table 4 .1 with the simple Cobb-Douglas production function.
Comparing the contribution of ICT to growth in developing, emerging and developed countries is the Clustered standard errors in parentheses, * p<0.10, ** p<0.05, *** p<0.01 main goal of the paper. Therefore, the production functions are estimated for each country subgroup individually in the next step. Table 4 So even with this slightly higher point estimate, there is no clear evidence of the 'leapfrogging' through ICT hypothesis described in Steinmueller (2001) . As a remark, the coefficients for non-ICT capital services in developed countries and labor services in developing countries are insignificant. This could be an indicator for measurement error. The fact that labor services in developing countries are mainly based on the number of employees and not on the preferable measure total hours worked could also be part of the explanation for the insignificant coefficients. Table 4 .4 shows the results for the country subgroups of the same robustness check as for the full sample specification in Table 4 .2 before. The standard Cobb-Douglas production function for the three country subgroups is again augmented by the export share in GDP. The export share in emerging 30 The test on the differences of the ICT coefficients between the country subgroups is conducted as follows: (1) estimate the OLS regression with country dummies, (2) estimate a seemingly unrelated regression and (3) test whether the difference between the coefficients of the country pairs is zero. All tests of the country pairs do no reject the differences between the ICT coefficients being zero. Clustered standard errors in parentheses, * p<0.10, ** p<0.05, *** p<0.01
This paper investigates the importance of ICT for economic growth based on a sample of 59 countries over the period 1995 to 2010. The main question is whether the gains from investments in ICT are different between developing, emerging and developed countries. The regression of the full sample of countries reveals an output elasticity of ICT that is larger than the ICT factor compensation share indicating possible spillovers and complementarities of investments in ICT.
The regressions for the three country subsamples reveal rather small differences in the output elasticities of ICT between developing, emerging and developed countries. These output elasticities are, except for the developed countries, larger than the ICT capital compensation shares, whereas the ICT capital compensation shares are nearly identical in the three country subgroups and rather stable over time. A test on the equality of estimated coefficients could not be rejected, despite the coefficients being somewhat larger for the developing and emerging countries. There is no clear statistical indication that developing and emerging countries are gaining more from investments in ICT than developed economies. Therefore, the macroeconometric validity of the 'leapfrogging' through ICT argument as pointed out by Steinmueller (2001) remains questionable.
Two additional issues are worth mentioning. While the present data set covers the majority of developed countries, emerging and developing countries are only represented to a certain extent. The list of developing and emerging countries with data on ICT capital input might not be randomly defined, but rather represents countries with larger GDP growth during the sample period. Therefore, a selection bias into the direction of countries that use ICT more efficiently might be present, resulting in the generalizability of the results being only valid to a certain extent. Furthermore, not only economic but also political and societal aspects such as the simplified access to information should be taken into account when investigating the impact of ICT in developing and emerging countries.
Additional analysis, based on larger sample sizes with respect to time as well as to the number of countries per subgroup, should be able to use more refined econometric methods, helping to confirm the current results. This is especially important with regard to the potential endogeneity issues within macro-level production function estimations. Furthermore, complementary firm-level studies could help to gain deeper insights into the productivity effects of ICT in developing and emerging countries.
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